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Ectopic expression of N-acetylglucosamine 6-O-sulfotransferase 2
in chemotherapy-resistant ovarian adenocarcinomas
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Abstract Mucinous and clear cell adenocarcinomas are the
major histological types of ovarian epithelial cancer and
are associated with a poor prognosis due to their resis-
tance to chemotherapy. A novel tumor marker specific for
ovarian mucinous and clear cell adenocarcinomas would be
helpful for overcoming these serious diseases. We showed
previously by enzymological characterization and RT-PCR
that colonic mucinous adenocarcinoma tissues ectopically
express GIcNAc6ST-2, a member of the carbohydrate
6-O-sulfotransferase family (Seko, A. et al. (2002) Glyco-
biology 12, 379-388). Here, we prepared a GIcNAc6ST-
2-specific polyclonal antibody for immunohistochemical
analysis and found that GIcNAc6ST-2 is ectopically ex-
pressed by not only colonic mucinous adenocarcinomas but
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also ovarian mucinous, clear cell and papillary serous ade-
nocarcinomas. In contrast, solid serous adenocarcinomas,
endometrioid adenocarcinomas, and mucinous adenomas ex-
pressed GIcNAc6ST-2 much less frequently or not at all.
RT-PCR analysis confirmed that GIcNAc6ST-2 transcripts
are expressed in ovarian mucinous adenocarcinomas but not
in mucinous adenomas. In addition, immunohistochemical
analysis using sulfated glycan-specific monoclonal antibod-
ies showed that ovarian adenocarcinoma cells express Glc-
NAc 6-O-sulfated glycans, including an L-selectin ligand and
its related glycans. These results indicate that GIcNAc6ST-2
would be a novel tumor antigen that is specifically expressed
in ovarian mucinous, clear cell and papillary serous adeno-
carcinomas.
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Abbreviations

Gal galactose

GalNAc N-acetylgalactosamine
GIcNAc  N-acetylglucosamine
HRP horseradish peroxidase
LacNAc N-acetyllactosamine
Introduction

Ovarian cancer is one of the most frequent causes of cancer-
induced death in women and encompasses several common
gynecological malignancies. Ovarian epithelial cancers can
be clasified into histological types that also vary in chemosen-
sitivity [1-3]. These include solid serous and endometri-
oid adenocarcinomas, which are sensitive to cis-platinum-
based chemotherapy, and mucinous, clear cell and papillary
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serous adenocarcinomas, which are chemoresistant. A mul-
tivariate analysis showed that patients with solid serous and
endometrioid adenocarcinomas have more favorable prog-
noses for survival than those with clear cell or mucinous
adenocarcinomas [4]. Thus, an antigen specific for muci-
nous, clear cell or papillary serous adenocarcinomas would
be helpful for early diagnosis of the disease, determining the
prognosis, and monitoring the disease status. Moreover, a
specific antigen could also serve as a novel target molecule
in immunotherapy.

The levels of various tumor markers in cancer patient sera
and tissues are often measured to determine the diagnosis
and prognosis. CA125 is the most widely used marker of
ovarian epithelial cancers and is considered to be the most
useful marker at present [5,6]. However, CA125 has some
limitations. In particular, the level of serum CA125 is not
elevated in nearly half of all patients with stage I ovarian
epithelial cancers [7]. Therefore, a novel tumor marker that
is specific for the early stages of ovarian mucinous, clear cell,
and papillary serous adenocarcinomas is highly desirable.

We previously demonstrated, using enzymological tech-
niques and RT-PCR, that colonic mucinous adenocarcinomas
ectopically express N-acetylglucosamine 6-O-sulfotrans-
ferase-2 (GIcNAc6ST-2) [8], and that non-mucinous
adenocarcinomas and normal mucosa do not express this
sulfotransferase. GIcNAc6ST-2 (HEC-GIcNAc6ST) belongs
to the carbohydrate 6-O-sulfotransferase family, members
of which transfer sulfate from adenosine 3’-phosphate 5'-
phosphosulfate to the C-6 of Gal, GalNAc, or GlcNAc
residues in various glycoproteins [9]. In normal human tis-
sues, the expression of GIcNAc6ST-2 mRNA is limited to
high endothelial cells of the lymph nodes, pancreas, and liver
[10]. GIcNAc6ST-2 expressed in the high endothelial cells of
lymphoid tissues is involved in the biosynthesis of the carbo-
hydrate ligand for L-selectin, namely, GIcNAc-6-O-sulfated
sialyl Lewis X [11,12]. The interaction of this ligand with L-
selectin is required for the first step in the process of lympho-
cyte homing, namely, lymphocyte-endothelial cell adhesion.
In colonic mucinous adenocarcinomas, the biological func-
tions in which sulfated glycans synthesized by GIcNAc6ST-
2 are involved remain unclear. However, we speculate that
the sulfated glycans or the GIcNAc6ST-2 protein itself could
serve as tumor markers of mucinous adenocarcinomas in gen-
eral.

The ectopic expression of GIcNAc6ST-2 in colonic muci-
nous adenocarcinomas led us to examine whether this gene
is expressed in mucinous carcinomas derived from other tis-
sues. We were particularly interested in ovarian mucinous
adenocarcinoma because of its poor prognosis. In this report,
we used immunohistochemical and RT-PCR methods, and
found that chemotherapy-resistant ovarian adenocarcinomas
frequently express GIcNAc6ST-2, while benign mucinous
adenoma cells and chemotherapy-sensitive ovarian adeno-
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carcinomas express the protein with no or lower frequency.
We also found that glycans related to L-selectin ligands and
possibly synthesized by GIcNAc6ST-2 are distributed on the
cell surface of mucinous, clear cell, and papillary serous ade-
nocarcinoma cells.

Materials and methods
Materials

Fresh samples of normal colonic mucosa and differentiated
and mucinous colonic adenocarcinomas were obtained from
patients as described in our previous paper [8]. The study was
approved by the Kagoshima University Faculty of Medicine
Human Investigation Committee (No. H13-4).

Primary human ovarian tumor tissues were obtained, with
informed consent, from 66 patients (ranging from 28 to 71
years of age) during surgical operations in Kyoundo hospi-
tal and Kagoshima University. The tumor tissues included
10 mucinous carcinomas, 14 clear cell carcinomas, 17 en-
dometrioid carcinomas, 6 papillary serous carcinomas, 14
solid serous carcinomas, and 5 mucinous benign adenomas.
Papillary serous carcinoma includes micropapillary architec-
ture over 10% in carcinoma area. For immunohistochemical
analysis (see below), the obtained tissues were fixed in 10%
formaldehyde, dehydrated in a graded ethanol series, em-
bedded in paraffin, and cut into serial sections using stan-
dard methods. For immunohistochemistry with mAb G72,
frozen 10-pm thick sections were prepared from the tissues
and fixed with acetone at —20°C for 20 min. For analysis of
GIcNAc6ST-2 mRNA (see below), the tissues were immedi-
ately frozen in liquid nitrogen and later used for the isolation
of mRNA.

Antibodies

A cDNA corresponding to the lumenal domain (amino acids
26-386) of GIcNAc6ST-2 was subcloned into the pBlueScript
SK vector (Stratagene, La Jolla, CA) by PCR using the fol-
lowing primers: 5'-tttggatcc ATGTACAGCCACAACATC-3’
(forward) and 5'-tttaagCTTCTCAACCCTCTTAGT-3' (re-
verse). The sequence was confirmed by using an ABI PRISM
310 Genetic Analyzer (Applied Biosystems, Foster City,
CA). The amplified fragments were ligated into the pGEX-
6pl expression vector (Amersham, Piscataway, NJ) between
its Bam HI and Sal 1 sites. E. coli strain BL21 was trans-
formed with the GIcNAc6ST-2/pGEX-6p1 plasmid. Recom-
binant glutathione S-transferase (GST)-fused GIcNAc6ST-2
was produced and purified using Glutathione Sepharose 4B
(Amersham) according to the manufacturer’s instructions.
An antibody against the truncated GIcNAc6ST-2 protein was
then raised in rabbits according to standard procedures. The
mouse monoclonal antibodies (mAbs) AG107, AG223, and
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G72 (against 6-sulfo Lewis X, 6-sulfo N-acetyllactosamine,
and 6-sulfo sialyl Lewis X, respectively) were prepared as
described previously [13,14].

Preparation of soluble recombinant GIcNAc6ST-1, -2,
-3, -4, and -5

The cDNAs encoding the lumenal domains of GIcNAc6ST-
1 (amino acids 28-483), -2 (28-386), -3 (28-390), -4
(33-486), and -5 (27-395) [9] were prepared from the full
length cDNAs generated previously [8] by polymerase
chain reaction using gene-specific primers. The ampli-
fied cDNAs with the correct sequence were ligated into
pQE-9-EK, which was generated by inserting the en-
terokinase cleavage site (DDDDK) into pQE-9 (QIAGEN)
by using the QuikChange Site-Directed Mutagenesis
Kit(STRATAGENE) and the oligonucleotide 5'-
CCATCACCATCACGATGACGATGACAAAGGATCCG-
TCGACC-3' along with its complementary oligonucleotide.
The E. coli M15 strain was then transformed with each
of the resulting expression vectors. Recombinant soluble
proteins were produced and purified using Ni-NTA agarose
(QIAGEN) according to the manufacturer’s instructions.

Immunohistochemical analysis

Immunohistochemistry was performed with the immunoper-
oxidase method using 3,3’-diaminobenzidine tetrahy-
drochloride (DAB, Wako Pure Chemical, Osaka, Japan). The
paraffin-embedded tissue sections were deparaffinized in xy-
lene and then rehydrated in a graded ethanol series. Endoge-
nous peroxidases in all tissues were quenched with 0.3%
hydrogen peroxide in methanol for 30 min at room tempera-
ture, after which the tissue sections were washed in 10 mM
Tris-buffered saline (TBS, pH 7.4). The tissue sections were
then blocked in 1% bovine serum albumin (BSA) in TBS for
1 h, followed by incubation overnight at 4°C with antibod-
ies or normal rabbit serum diluted in TBS containing 0.1%
BSA (1:500 dilution for the anti-GlIcNAc6ST-2 antibody; 1:8
dilution for the AG107, AG223, and G72 antibodies; 1:500
dilution for normal rabbit serum). The sections were washed
in TBS three times, incubated with biotinylated anti-mouse
or anti-rabbit immunoglobulins for 10min, washed, and
then incubated with HRP-conjugated streptavidin for 15 min
(DAKO LSAB2 System, DAKO Cytomation, Denmark).
Finally, the sections were incubated with 0.1% DAB and
0.01% hydrogen peroxide in TBS for 10—15 min. After be-
ing rinsed in distilled water, the sections were counterstained
with Mayer’s hematoxylin, dehydrated, and mounted with
Malinol (Muto Pure Chemical, Japan).

Detection of GIcNAc6ST-1, -2, - 3, -4 and -5 transcripts
by RT-PCR

Total RNAs were isolated from ovarian tumor tissues by us-
ing the SV Total RNA Isolation System (Promega, Madison,
WI) according to the manufacturer’s instructions. cDNAs
were synthesized from 1 ug of total RNA in a total vol-
ume of 20 ul of reaction mixture using SuperScript II re-
verse transcriptase (Invitrogen, Carlsbad, CA) and oligo(dT)
primers. After cDNA synthesis, the reaction mixtures were
diluted 5-fold with H,O and 1-3 ul of each was used as a
template for each PCR procedure. To normalize the mRNA
quantities according to the B-actin mRNA levels, compet-
itive PCR was performed using Gene Taq NT polymerase
(Nippon Gene, Japan) in a total volume of 12 ul of reaction
buffer containing 1 pg competitor plasmid DNA and 250 nM
B-actin—specific primers. The competitor plasmid DNA was
prepared previously [8]. PCR was performed under the fol-
lowing conditions: 25 cycles consisting of denaturation at
94°C for 30 sec, annealing at 65°C for 30 sec, and elonga-
tion at 72°C for 1 min. After PCR, an 8-ul aliquot was elec-
trophoresed in a 0.9% agarose gel, followed by staining with
ethidium bromide. The intensities of the amplified fragments
were quantified by using an FLA-2000 multi-imager (Fuji
Photo Film, Japan) and NIH Image software. The template
volumes that yielded equivalent S-actin transcript levels were
determined by acquiring the band intensity ratio of target and
competitor DNAS; these volumes were used in the following
procedures. PCR was performed with the determined tem-
plate volume and the respective GIctNAc6ST-1, -2, -3, -4 and
-5—specific primers [8], under the same conditions as for -
actin except that 33 cycles were performed.

Results

Immunohistochemical analysis of GIcNAc6ST-2
expression in ovarian mucinous adenocarcinoma tissues

We previously demonstrated that GIcNAc6ST-2 gene tran-
scripts are ectopically expressed in colonic mucinous ade-
nocarcinomas. To elucidate whether GIcNAc6ST-2 is also
ectopically expressed in the mucin-producing carcinomas
of various other organs, we raised a polyclonal antibody
that recognizes the catalytic domain of GIcNAc6ST-2. To
assess whether the polyclonal antibody specifically recog-
nizes GIcNAc6ST-2 protein or not, we performed the West-
ern blot analysis (Fig. 1). In SDS-PAGE analysis, recom-
binant GIcNAc6STs were detected at positions of the re-
spective molecular sizes by SYPRO Orange staining. The
polyclonal antibody recognized only GIcNAc6ST-2 protein,
indicating the specificity of the antibody for GIcNAc6ST-2.

@ Springer



456

Glycoconj J (2006) 23:453—460

GIcNAc6ST-1 "._ﬁ (45 kDa)

GIcNAc6ST-2 il B (39 kDa)

GIcNAC6ST-3 (37 kDa)
GlcNAc6ST-4 B (45 kDa)
GIcNACBST-5 B (37 kDa)

Fig. 1 Confirmation of specificity of anti-GIcNAc6ST-2 polyclonal
antibody raised in this study by Western blot analysis using recombinant
GIcNACc6STs. WB, Western blot analysis detected by anti-GlcNAc6ST-
2 polyclonal antibody; P, Ponceau 3R stain of correspondent bands for
five GIcNAc6ST isozymes.

To further confirm this result, we performed immunostaining
of normal colonic mucosa and adenocarcinomas (Fig. 2). Our
previous results [8,15] showed that GIcNAc6ST-2 is ectopi-
cally expressed in colonic mucinous adenocarcinomas, but
not in normal coloninc mucosa and non-mucinous adeno-
carcinomas, using enzymological and RT-PCR methods. As
shown in Fig. 2, normal colonic mucosa and non-mucinous
adenocarcinomas were not immunostained by the polyclonal
antibody, while mucinous adenocarcinomas were strongly
immunostained, in good agreement with our previous results.
Considering previous reports showing that GIcNAc6STs-1
and -3 are expressed in normal colonic mucosa [16,17], it
is supported that the polyclonal antibody does not recog-
nize at least GIcNAc6ST-1 and -3 in immunohistochemical
staining. These results also support that the polyclonal anti-
GlcNACc6ST-2 antibody is specific for the GIcNAc6ST-2 pro-
tein and can be applicable to immunohistochemical analyses.

We then used the anti-GlcNAc6ST-2 antibody to deter-
mine whether ovarian mucinous adenocarcinomas also ex-
press GIcNAc6ST-2. For this purpose, we tested 10 surgi-
cally obtained primary mucinous adenocarcinoma tissues.

As shown in Fig. 3A and Table 1, all of the malignant ovar-
ian mucinous adenocarcinoma tissues strongly expressed
GIcNAc6ST-2, while none of the five benign mucinous ade-
noma cases we tested did so (Fig. 3B). GIcNAc6ST-2 was
expressed in the mucin-producing cell layers in mucinous
adenocarcinoma tissues, but not in interstitial cells.

RT-PCR analysis of GIcNAc6ST-2 transcripts in ovarian
mucinous adenocarcinoma tissues

To confirm that GIcNAc6ST-2 is expressed in malignant ovar-
ian mucinous adenocarcinomas but not in benign adenomas,
we performed RT-PCR using RNA samples extracted from
the surgically obtained tissues (three mucinous adenocarci-
nomas and two benign adenomas). To normalize the amounts
of each cDNA, competitive PCR with S-actin cDNA was per-
formed prior to PCR for detecting GIcNAc6ST-2 transcripts.
The GlcNAc6ST-2 transcript was strongly or moderately ex-
pressed in the mucinous adenocarcinomas tested but not ex-
pressed at all in the mucinous adenomas (Fig. 4). In contrast,
all mucinous adenoma and adenocarcinoma cases expressed
GIcNACc6ST-1 transcripts while none expressed GIcNAc6ST-
3, -4 or -5 transcripts (data not shown).

Immunohistochemical analysis of GIcNAc6ST-2
expression in other types of ovarian adenocarcinomas

To elucidate whether GIcNAc6ST-2 is expressed by other
histological types of ovarian adenocarcinomas, we subjected
surgically obtained primary serous, endometrioid, and clear
cell adenocarcinoma samples to immunohistochemical anal-
ysis with the anti-GIcNAc6ST-2 polyclonal antibody. As
shown in Table 1, 10 of 14 (71%) clear cell carcinomas
and all six (100%) papillary serous carcinomas expressed
GIcNACc6ST-2 at high frequency (Fig. 3C and D, respec-
tively). Clear pools observed in clear cell adenocarcinomas
were not stained while confined cytoplasms of the tumor
cells were strongly stained. With respect to papillary serous

o R

Fig.2 Immunohistochemical staining for GIcNAc6ST-2 in colon tissue sections. A, normal colon mucosa; B, colonic differentiated adenocarcinoma;
C, colonic mucinous adenocarcinoma. (Scale bars: A, 500 ©m; B and C, 100 wm).
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Table 1 Summary of
immunohistochemical staining No. of cases
of GIctNAc6ST-2 in ovarian with positive Rate of
tumor tissue sections. HiStOlOgiCal GIcNAC6ST-2 GIcNAC6ST-2-
classification staining/total cases  positive staining
Mucinous adenoma 0/5 0%
Mucinous adenocarcinoma 10/10 100%
Clear cell adenocarcinoma 10/14 T1%
Serous adenocarcinoma
Papillary growth 6/6 100%
Solid growth 1/14 7%
Endometrioid adenocarcinoma  4/17 24%

Fig. 3 Immunohistochemical
staining for GIcNAc6ST-2 in
ovarian tissue sections. A,
mucinous adenocarcinoma; B,
mucinous adenoma; C, clear cell
adenocarcinoma; D, papillary
serous adenocarcinoma; E, solid
serous adenocarcinoma; F,
endometrioid adenocarcinoma.
(Scale bars, 50 wm).

carcinomas, most of the tumor cells expressed GIcNAc6ST-
2. In contrast, only one of 14 (7%) solid serous carcinomas
and four of 17 (24%) endometrioid carcinomas expressed
GlcNACc6ST-2 (Fig. 3E and F, respectively). This indicates
that the GIcNAc6ST-2 protein is expressed at quite different
frequencies by ovarian cancer cells of diverse histological
classifications. Thus, most or all of the ovarian mucinous,
clear cell, and papillary serous adenocarcinomas ectopically
expressed GIcNAc6ST-2.

It should be noted that chemotherapy-resistant types of

ovarian adenocarcinomas exhibit frequent expression of
GIcNACc6ST-2, while chemotherapy-sensitive types exhibit
quite lower frequency of GIcNAc6ST-2 expression. It re-
mains unclear whether or not there is molecular relationship
between chemotherapy sensitivity and GIcNAc6ST-2 ex-
pression, but GIcNAc6ST-2 could be a tumor marker for
chemotherapy-resistant types of ovarian adenocarcinomas as
discussed later.
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mucinous mucinous
adenocarcinoma adenoma

Patient 1 2 3 4 5
practin W W WS W - —target (792 bp)
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Fig. 4 Analysis of GIcNAc6ST-2 transcripts in mucinous adenocarci-
nomas and mucinous adenomas. Total RNAs were isolated from tissue
blocks obtained from surgical operations and cDNAs were obtained by
reverse transcription. The relative amount of cDNA of each sample was
estimated by competitive PCR with 1 pg of B-actin—specific competitor
DNA.

Detection of sulfated glycans in
GIcNAc6ST-2-expressing ovarian adenocarcinomas
by immunohistochemical analysis

To assess whether sulfated carbohydrate epitopes, which
are the enzymatic products of GIcNAc6ST-2, are present
in GlcNAc6ST-2-expressing ovarian adenocarcinoma tis-
sues, we subjected one sample each of mucinous adeno-
carcinoma, mucinous adenoma, clear cell adenocarcinoma,

Fig. 5 Immunohistochemical
staining with antibodies specific
for 6-sulfo-LacNAc (AG107;

A, B, D-F) or 6-sulfo-Lewis X
(AG223; C). A and C, mucinous
adenocarcinoma; B, mucinous
adenoma; D, clear cell
adenocarcinoma; E, papillary
serous adenocarcinoma; F, solid
serous adenocarcinoma. (Scale
bars, 50 wm).
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papillary serous adenocarcinoma, solid serous adenocarci-
noma, and endometrioid adenocarcinoma to immunohisto-
chemical analyses using monoclonal antibodies specific for
either 6-sulfo LacNAc (AG107), 6-sulfo Lewis X (AG223),
or 6-sulfo sialyl Lewis X (G72). The three L-selectin ligand-
related sulfated glycans examined are synthesized as follows.
GIcNACc6ST-2 catalyzes the 6-O-sulfation of non-reducing
terminal GIcNAc residues, followed by 1,4-galactosylation
and «o1,3-fucosylation of 6-sulfo GlcNAc, which generate
6-sulfo LacNAc and 6-sulfo Lewis X. The 6-sulfo sialyl
Lewis X, an L-selectin ligand, is subsequently formed by
the «2,3-sialylation and «1,3-fucosylation of 6-sulfo Lac-
NAc. Thus, the 6-O-sulfation of GlcNAc by GIcNAc6ST-2
is the first step in the biosynthesis of all three sulfated
glycans.

As shown in Fig. 5A and C, mucinous adenocarcinoma
tissues expressed the 6-sulfo LacNAc and 6-sulfo Lewis X
epitopes, as detected by mAb AG107 and mAb AG223, re-
spectively. In contrast, the mucinous adenoma tissues did
not express the carbohydrate epitopes recognized by mAb
AG107 (Fig. 5B) or mAb AG223 (data not shown). The
6-sulfo sialyl Lewis X epitope detected by mAb G72 was
also present in mucinous adenocarcinoma tissues (data not
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shown). In addition, the clear cell adenocarcinoma and pap-
illary serous adenocarcinoma tissues expressed the carbohy-
drate epitopes recognized by mAb AG107 (Fig. 5D and E,
respectively), while the solid serous and endometrioid ade-
nocarcinomas did not (Fig. 5 and data not shown, respec-
tively). These results suggest that the ectopic expression of
GIcNACc6ST-2 by ovarian adenocarcinoma tissues correlates
with their expression of 6-sulfo GIcNAc—containing epitopes
on their cell surface membranes.

Discussion

We found in our previous study that GIcNAc6ST-2 tran-
scripts and its enzymatic activities are present in colonic
mucinous adenocarcinomas but not in non-mucinous ade-
nocarcinomas or normal colonic mucosa [8]. Here, we ex-
amined the expression of GIcNAc6ST-2 by ovarian carci-
nomas as a first step to investigate whether GIcNAc6ST-2
is universally expressed by mucinous adenocarcinomas re-
gardless of the organ of origin. We clearly demonstrated
in this paper that ovarian mucinous adenocarcinoma tissues
ectopically express GIcNAc6ST-2 transcripts, proteins and
its carbohydrate products while mucinous benign adenomas
do not. Furthermore, we showed that ovarian clear cell and
papillary serous adenocarcinomas have a high incidence of
GIcNACc6ST-2 expression, while solid serous adenocarcino-
mas and endometrioid adenocarcinomas both have a low
incidence. Mucinous adenocarcinomas, clear cell adenocar-
cinomas and papillary serous adenocarcinomas account for
over 50% of the total incidence of ovarian epithelial ade-
nocarcinomas and are resistant to anticancer reagents like
cis-platinum, resulting in a poor prognosis [1-3]. It remains
unclear why these ovarian adenocarcinomas are resistant to
these reagents, but one possibility is that the large quantity of
sulfated mucins in mucinous adenocarcinomas and the accu-
mulation of viscous materials in clear cell adenocarcinomas
either might prevent the reagents from accessing their target
molecules or otherwise interfere with their action. It would
therefore be of considerable interest to determine whether the
ectopic expression of GIcNAc6ST-2 in ovarian adenocarci-
noma tissues is involved in their resistance to cis-platinum—
based chemotherapy.

We also demonstrated that sulfated glycans, including
L-selectin ligands, are expressed by ovarian mucinous ade-
nocarcinomas. To our knowledge, this is the first report
showing that ovarian mucinous adenocarcinomas express 6-
sulfo-lactosamine-related antigens. Notably, Federici et al.
have shown that ovarian mucinous adenocarcinomas express
sialyl-Tn (sTn), Lewis a, and sialyl Lewis a antigens more fre-
quently than serous and endometrioid adenocarcinomas [18].
In addition, Tamada and coworkers showed that cell lines de-
rived from ovarian mucinous and clear cell adenocarcinomas

express sulfated Lewis a, sialyl Lewis X and sialylated MUC1
antigen more strongly than those derived from serous ade-
nocarcinomas [19]. Thus, it is thought that most mucinous
adenocarcinomas have a tendency to express mucin-related
carbohydrate antigens, including 6-sulfo-sialyl Lewis X anti-
gen. Since it has been reported that glycans containing Lewis
X-related structures are involved in the metastasis of cancer
cells [20-23], we are thus interested in the potential role that
the GIcNAc6ST-2-synthesized L-selectin ligands or related
glycans play in ovarian adenocarcinoma metastasis or dis-
semination.

It remains unclear how GIcNAc6ST-2 transcripts are ec-
topically expressed in ovarian mucinous, clear cell and
papillary serous adenocarcinomas. The ectopic expression
suggests aberrant deregulation of GIcNAc6ST-2 gene tran-
scription. The K-ras gene is known to be frequently mu-
tated in colorectal and ovarian mucinous adenocarcinomas,
whereas p53 is rarely mutated [24-26]. It has also been re-
ported that serous adenocarcinomas showing micropapillary
architecture commonly have a mutated K-ras gene and re-
spond poorly to chemotherapy [3]. Interestingly, we here
found that serous adenocarcinomas showing papillary archi-
tecture frequently express GIcNAc6ST-2. These observations
together suggest that the ectopic expression of GIcNAc6ST-2
by ovarian adenocarcinomas, including papillary serous ade-
nocarcinomas, may correlate with both their poor response
to chemotherapy and the presence of K-ras gene mutations.

At present, CA125 is the most commonly used antigen
for the serodiagnosis of ovarian cancers and its usefulness
in this respect has been proven. However, only 50-60% of
patients with stage I ovarian cancer are positive for the serum
CA125 test [7]. Moreover, the substantial pseudo-positives
associated with this test remain a problem for the early de-
tection of ovarian cancer. Of the cases studied in this report,
70% of the patients with mucinous adenocarcinomas (60%
of patients at stage I) and 40% of patients with mucinous
adenomas had a CA125 serum level of over 30 units/ml. In
addition, an immunohistochemical analysis showed that only
50% of mucinous adenocarcinomas express sTn (data not
shown), another tumor marker for ovarian mucinous adeno-
carcinomas [27]. Thus, GIcNAc6ST-2, which is expressed in
100% of the mucinous adenocarcinomas and none of the mu-
cinous adenomas, may be a better ovarian tumor marker than
CA125 and sTn. Interestingly, in the clear cell adenocarci-
nomas cases, GIcNAc6ST-2 was expressed in all the Stage I
cases (six out of 6) but in none of the Stage III cases (zero out
of 3). This suggests that only the early stages of clear cell ade-
nocarcinomas may express GIcNAc6ST-2, unlike mucinous
adenocarcinomas, which seem to express GIcNAc6ST-2 re-
gardless of the tumor stage (seven cases in stage I and three
cases in stage III).

In this report, we demonstrated that GIcNAc6ST-2
is ectopically expressed by not only colonic mucinous
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adenocarcinomas but also ovarian mucinous adenocarci-
nomas. Investigation of the mucinous carcinomas derived
from other organs will be required to determine whether
ectopic expression of GIcNAc6ST-2 is a common charac-
teristic of all mucinous carcinomas. Nevertheless, our re-
sults indicate that GIcNAc6ST-2 may be a useful clinical
marker for ovarian mucinous, papillary serous, and clear cell
adenocarcinomas.
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